Objective: Pneumonia is the leading cause of death in patients with Parkinson's disease (PD). However, few studies have been performed to explore the risk factors for pneumonia development in patients with PD. Methods: We conducted a nationwide population-based cohort study of patients with PD to identify the risk factors for these patients developing pneumonia. Participants with newly diagnosed PD between 2000 and 2009 were enrolled from the 2000-2010 National Health Insurance Research Database in Taiwan. We compared patients with PD with an incidence of hospitalization with pneumonia vs those without, and Cox proportional hazard models were used to estimate the risk of pneumonia. Results: Of the 2,001 enrolled patients (mean follow-up duration 5.8 years, range: 2.7-14.7 years), 381 (19.0%) had an incidence of hospitalization with pneumonia during the study period. 
Introduction
Parkinson's disease (PD) is a common neurodegenerative disorder characterized by bradykinesia, rigidity, resting tremor, and postural instability. 1, 2 With progression of the disease, the response to levodopa decreases and various problems that are less dopa responsive (or dopa resistant) develop, such as cognitive dysfunction and speech and swallowing problems. 3, 4 Studies have documented a very high prevalence of oropharyngeal dysphagia in patients with PD, 5 which predisposes to aspiration pneumonia. Pneumonia in turn is a major reason for hospitalization of patients with PD and it is the leading cause of mortality in patients with PD (in one prospective study accounting for 64% of deaths). 6, 7 Pneumonia is a very common infectious disease and is one of the ten leading causes of death in the world. 8 Several risk factors for pneumonia in the general population, submit your manuscript | www.dovepress.com
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chang et al including chronic pulmonary disease, chronic heart failure, diabetes, chronic liver disease, chronic kidney disease, cochlear implants, cerebrospinal fluid shunts, splenic dysfunction, and HIV/AIDS, have been recognized. [9] [10] [11] [12] In PD, aspiration pneumonia is thought to be a multifactorial event, and aspiration alone is insufficient to cause pneumonia. Other important factors include alterations in the bacterial flora of the oropharynx, as well as impaired pulmonary clearance and host resistance. To our knowledge, however, there have been no populationbased studies exploring the risk factors for pneumonia in patients with PD. Thus, we conducted a cohort study of patients with PD to identify the risk factors associated with pneumonia using a nationwide longitudinal population-based database.
Methods
Data source
Data for this study were derived from the 2000-2010 National Health Insurance Research Database (NHIRD), developed and managed by the Taiwan National Health Insurance Program for research purposes. The Taiwan National Health Insurance Program, since its introduction in 1995, has provided approximately 99% of Taiwan residents with comprehensive and universal health care. 13 We used one of the subsets of the NHIRD, composed of 1 million randomly selected subjects (constituting nearly 5% of the total Taiwan population) drawn in 2000. The NHIRD includes data on patients' demographic characteristics, diagnoses, and prescription claims (medication types, prescription dates, dosage, and duration supplied). The study was approved by the Institutional Review Board at Kaohsiung Medical University Hospital, and informed consent was waived by the Institutional Review Board because the data obtained from the NHIRD have been de-identified.
Design and study population
The PD cohort comprised patients who were newly diagnosed (between January 1, 2000 and December 31, 2009) based on the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic criteria (ICD-9-CM code 332). Patients were diagnosed by neurologists and received antiparkinsonian medication(s) (levodopa and decarboxylase inhibitor, entacapone, bromocriptine, pergolide, cabergoline, ropinirole, pramipexole, amantadine, or selegiline) with at least three consecutive outpatient clinic visits, which were characterized as regular follow up.
14 Exclusion criteria were as follows: age ,40 years; dementia, psychosis, or stroke before the diagnosis of PD (because of the potential for diagnostic confusion with dementia with Lewy bodies or vascular parkinsonism); and patients having a pneumonia-related diagnosis before PD diagnosis (Figure 1) . We also identified patients with PD with dementia that occurred $1 year after the diagnosis of PD (termed PD dementia; ICD-9-CM codes 290, 294.1, 331.0). 1 
an incidence of hospitalization with pneumonia
Cases were determined by claims for hospital admissions using the following pneumonia-related codes: principal diagnosis of pneumonia (codes 480 to 487.0) or principal diagnosis of acute respiratory failure (code 518.81) or septicemia (code 038) with pneumonia as a secondary diagnosis. 15 All enrolled patients with PD were followed-up until one of the following events occurred: first-time pneumonia diagnosis, death, the end of follow-up in the medical records, or the end of 2010. The study flowchart is shown in Figure 1 .
risk factors related to pneumonia
We identified the inpatient and outpatient diagnosis files and prescription files of patients with PD before they were diagnosed with PD 16 to ascertain their history of diabetes mellitus, alcoholism, chronic pulmonary disease, dental caries, periodontitis, osteoporosis, chronic heart failure, chronic kidney disease, rheumatoid arthritis, chronic liver disease, cancer, epilepsy, asplenia after operation, cerebrospinal fluid shunt, multiple sclerosis, sickle cell disease, celiac disease, and HIV/AIDS, using ICD-9-CM codes and/or anatomical therapeutic chemical classification system codes. 9, 14, 17, 18 Of note, we used the diagnosis of dental caries or periodontitis based on ICD-9-CM and anatomical therapeutic chemical codes and required at least three visits as a proxy for treated dental illness (Table S1 ).
statistical analysis
The chi-square test and t-test were used to compare the demographic and clinical characteristics of patients with PD with, vs those without, pneumonia. The Kaplan-Meier method was used to estimate the probability of pneumonia. The Cox proportional hazards model was applied to analyze the effect of single and multiple covariates in predicting pneumonia development in patients with PD. All statistical analyses were performed with SAS Version 9.3 (SAS Institute, Cary, NC, USA). A P-value ,0.05 was considered statistically significant.
Results
Demographic and clinical characteristics of the study population
After excluding subjects who did not meet the study criteria, a total of 2,001 patients with newly diagnosed 
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Pneumonia hospitalization in PD PD were identified. The mean duration of follow-up was 5.77 years ± (standard deviation) 3.1 years. Of the 2,001 patients with PD, 381 (19.0%) had an incidence of hospitalization with pneumonia, with a mean latency after PD diagnosis of 4.3±2.6 years. Among the patients with PD in our study, several baseline characteristics were associated with the occurrence of pneumonia, including older age, male sex, geographic region of Taiwan (northern, southern, and eastern), lower income, fewer dental appointments, and also subsequent development of dementia (Table 1) .
comorbid physical conditions in enrolled patients with PD
After excluding dementia, psychosis, and stroke, the most common comorbid physical diseases were dental caries (48.1% of enrolled patients), periodontitis (44.1%), chronic pulmonary disease (37.4%), diabetes mellitus (25.6%), and chronic liver disease (19.7%) ( Table 2 ). Comorbidities with a low incidence were cancer (n=42), epilepsy (n=29), asplenia after operation (n=4), cerebrospinal fluid shunt (n=3), and multiple sclerosis (n=3). There were no patients with sickle cell disease, celiac disease, or HIV/AIDS. risk factors for pneumonia in the PD cohort (univariate cox proportional hazards analysis)
A univariate Cox proportional hazards analysis showed that patients with PD with chronic pulmonary disease, dental caries, chronic heart failure, and chronic kidney disease were at increased risk of developing pneumonia (Table 2) . Multivariate Cox proportional hazards analysis identified the following as risk factors for pneumonia ( • Figure 2 shows the Kaplan-Meier analysis of the incidence of pneumonia in male and female patients with PD. Based on the analysis, we found similar patterns of pneumonia incidence in the male and female groups in the first 2 years after PD diagnosis; however, pneumonia incidence increased more rapidly in the male group during the follow-up period.
Discussion
To the best of our knowledge, this is the first study to identify risk factors for pneumonia in the PD population. This study used a nationwide population-based screening 
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Pneumonia hospitalization in PD of patients with PD to estimate the risk of hospitalization with pneumonia in Taiwan. A total of 2,001 patients with new-onset PD between 2000 and 2010 were identified in our cohort analysis. Overall, our study found that older age, male sex, geographic region of Taiwan, rural areas, chronic heart failure, and chronic kidney disease were independent risk factors for pneumonia among patients with PD. However, treatment for dental caries was a protective factor.
In general, the incidence of pneumonia in the general population increases with age, [18] [19] [20] [21] and is higher in males than in females. 9, 20 The demographics of our PD population in terms of age and sex were similar to those of the general population in these studies. Male patients with PD had a higher risk (HR =1.59) of developing pneumonia (after adjusting for other confounding factors) than female patients. Although male vulnerability to pneumonia has long been recognized, and the consistency and magnitude of these differences between the sexes are particularly impressive in patients with interstitial pneumonia or ventilatorassociated pneumonia, 22, 23 the underlying mechanisms responsible for this phenomenon are still unclear. Our study found that the incidence of pneumonia among patients with PD was lower in central Taiwan and urbanized/ suburbanized regions. The results suggest that environmental factors may play a role in pneumonia risk in the PD population, and one possible reason may be a relative lack of access to health care resources. There is some literature reporting geographic differences in pneumonia incidence in the pediatric population, but this has not previously been observed in the PD population. 21, 24 Our study showed that chronic heart failure and chronic kidney disease are both independent predictive factors for pneumonia in patients with PD. Of all the comorbidities in this study, chronic heart failure had the largest magnitude as a risk factor for pneumonia (HR =1.53) (and particularly in females aged .80 years old - Table S2 ), which is comparable to the twofold increased risk of pneumonia in the general population. 25, 26 Chronic kidney disease was associated with an increased risk of pneumonia among patients with PD in our study, similar to that in the general population, and this risk was particularly seen in older male patients. 11, 20 Although chronic pulmonary disease is recognized as an important risk factor for pneumonia in the general population, 20 for reasons that are unclear, this did not emerge as a risk factor in our study.
Of interest, we found that patients with PD who had received treatment for dental caries suffered less from pneumonia (especially in males aged ,70 years old) (Table S3) . Poor oral health, including dental caries and periodontal diseases, is commonly observed in patients with PD, even in the early stages of the disease. [27] [28] [29] The high prevalence of impaired swallowing, periodontal diseases, and caries may lead to a greater risk of aspiration pneumonia. [30] [31] [32] [33] Maintenance of good oral hygiene and control of oral biofilm formation in the elderly reduce the number of potential respiratory pathogens in the oral secretions, which in turn reduces the risk of pneumonia. 34 Our findings suggest that patients with PD who received treatment for dental caries may have better oral health and a reduced risk of pneumonia than those who did not. Although we cannot determine based on the available data whether there were differences in dysphagia between the two groups, we believe our results highlight the potential importance of good oral health in reducing morbidity and mortality in patients with PD. In brief, patients with PD had similar risk factors for pneumonia hospitalization when compared to general population. Our study found that chronic heart failure, chronic kidney disease, and dental caries were more significant risk factors for pneumonia hospitalization among patients with PD.
The main strength of our study is that it provides information from a nationwide population-based cohort with a large sample size, and the results may provide a good representation of ethnic Chinese patients with PD. To increase the accuracy of the diagnosis of PD, the study population was obtained by linking an ambulatory care expenditures database (neurologists and ICD-9-CM code) and a prescription claims database (medical treatment for PD). Moreover, covariates, including common underlying diseases (especially dental illness), were taken into consideration. Nevertheless, there are some limitations in our study that deserve comment. First, the study was retrospective. We did not have the opportunity to review all the medical charts of patients from the de-identified National Institutes of Health database. Second, although we analyzed national health care records from a database of 1 million randomly selected subjects, there were still relatively few PD cases to allow us to make a more precise estimation of total PD populations in Taiwan. Third, information on other risk factors contributing to pneumonia, such as the severity of comorbidities, lifestyle factors, such as smoking and alcohol consumption, and biochemistry data were unavailable for retrieval from the database. Other lifestyle-related pneumonia risk factors, including contact with children and nutritional status, were not included in the study. Finally, it was difficult to distinguish between aspiration pneumonia and infectious pneumonia from the details available in the database.
Conclusion
Identification of risk factors for hospitalization with pneumonia among patients with PD in Taiwan has highlighted chronic heart failure, chronic kidney disease, and oral hygiene as being associated with an increased risk of pneumonia. In particular, older female patients with PD with chronic heart failure and older male patients with PD with chronic kidney disease had a significantly higher risk of pneumonia. In contrast, male patients with PD had a diminished risk of pneumonia if dental caries were treated previously. Early recognition and prompt management of comorbid physical diseases/risk factors in patients with PD may help to reduce the risk of hospitalization with pneumonia, and thus, the burden of the disease. 0.538
Notes: adjusted age group, sex, geographic region of Taiwan, urban level, monthly income, severity of physical condition, PD with dementia, and comorbidities, including chronic pulmonary disease, dental caries, chronic heart failure, and chronic kidney disease. Abbreviations: PD, Parkinson's disease; HR, hazard ratio; CI, confidence interval.
Table S3
Adjusted hazard ratio for pneumonia in the study population with PD stratified by follow-up duration and sex 
